The potential benefit of open access (OA) in relation to citation impact has been discussed in the literature in depth. The methodology used to test the OA citation advantage includes comparing OA vs. non-OA journal impact factors and citations of OA versus non-OA articles published in the same non-OA journals. However, one problem with many studies is that they are small and restricted to one discipline or set of journals-. Moreover, conclusions are not entirely consistent among research areas and 'early view' and 'selection bias' have been suggested as possible explications. In the present paper, an analysis of gold OA from across all areas of research -the 27 subject areas of the Scopus database-is realized. As a novel contribution, this paper takes a journal-level approach to assessing the OA citation advantage, whereas many others take a paper-level approach. Data were obtained from Scimago Lab, sorted using Scopus database, and tagged as OA/non-OA using the DOAJ list. Jointly with the OA citation advantage, the OA prevalence as well as the differences between access types (OA vs. non-OA) in production and referencing are tested. A total of 3,737 OA journals (16.8%) and 18,485 non-OA journals (83.2%) published in 2015 are considered. As the main conclusion, there is no generalizable gold OA citation advantage at journal level.
Introduction
The communication of results has benefited greatly from the emergence of the Internet and more scientists are making their research openly accessible to increase its visibility, usage, and citation impact (Björk, 2004; González-Betancor & Dorta-González, 2017) . In this respect, open access (OA) was defined in 2002 by Budapest Open Access Initiative as free and unrestricted access on the public Internet to literature that scholars provide without expectation of direct payment (Prosser, 2003) .
There are two OA modalities: gold OA refers to articles in fully accessible OA journals; and green OA refers to publishing in a traditional journal, in addition to self-archiving the pre-or post-print paper in a repository (Harnad et al., 2004) . With respect to gold OA, the Directory of Open Access Journals (DOAJ) is currently the largest index presenting quality controls. According to the DOAJ list, in March 2016 there were 9,389 OA journals, of which 4,989 were totally free and 2,205 had article processing charges (APC). There was no available information about the possible existence of APC for the other 2,195 journals in the DOAJ list.
Many researchers, starting with Lawrence (2001) , have found that OA articles tend to have more citations than pay-for-access articles. This OA citation advantage has been observed in a variety of academic fields including computer science (Lawrence, 2001) , philosophy, political science, electrical & electronic engineering, and mathematics (Antelman, 2004) , physics (Harnad et al., 2004) , biology and chemistry (Eysenbach, 2006) , as well as civil engineering (Koler-Povh, Južnič & Turk, 2014) .
However, since Lawrence proposed in 2001 the OA citation advantage, this postulate has been discussed in the literature in depth without an agreement being reached (Davis et al., 2008; Norris, Oppenheim & Rowland, 2008; Joint, 2009; Gargouri et al., 2010; Wang et al., 2015; Dorta-González et al., 2017) . Furthermore, some authors are critical about the causal link between OA and higher citations, stating that the benefits of OA are uncertain and vary among different fields (Craig et al., 2007; Davis & Walters, 2011) . Kurtz et al. (2005) , and later other authors (Craig et al., 2007; Moed, 2007; Davis et al., 2008) , set out three postulates supporting the existence of a correlation between OA and increased citations: (i) OA articles are easier to obtain; and therefore easier to read and cite (Open Access postulate); (ii) OA articles tend to be available online prior to their publication and therefore begin accumulating citations earlier than pay-for-access articles (Early View postulate); and (iii) more prominent authors are more likely to provide OA to their articles, and authors are more likely to provide OA to their highest quality articles (Selection Bias postulate). Moreover, these authors conclude that early view and selection bias effects are the main factors behind this correlation.
In the present paper, we analyse all the journals for all 27 subject areas of the Scopus database. In order to reduce the early view effect, we consider different citation time windows from two to three years after publication. We take a journal-level approach to assessing the OA citation advantage, whereas many others take a paper-level approach. This is the novel contribution of the paper.
We address the following questions: (i) are there differences between subject areas in the prevalence of OA journals?; (ii) are there significant differences between access types in the amount of published and referenced documents in the journals?; and (iii) are there significant differences of journal impact between access types?
Methodology
In this study, we analyse exclusively gold OA, that is, journals in which all the articles that are published are OA. In this sense, those journals that use a hybrid business model offering the possibility of putting articles in OA when the authors pay the APCs are considered non-OA journals.
The DOAJ list was used as the source for OA tagging. Data were obtained from Scimago Lab, sorted using Scopus database, and tagged as OA/non-OA using the DOAJ list. Therefore, the characteristics of each of these sources might influence the results.
From the 22,256 journals indexed in Scopus in the year 2015, and after excluding some trade journals, the final number of research journals included in the data set was 22,222.
There were about 9,300 journals indexed in the DOAJ list in 2015. From them, a total of 3,737 OA journals were included in the data set, which were all the journals at the same time in DOAJ and Scopus.
The share of journals covered in the study in each thematic area, and in OA/non-OA is shown in Table 1 . These proportions are similar to the shares using just Scopus, and therefore the construction of the data set did not distort the underlying situation.
Summarizing, the total number of journals covered in the data set was 22,222; of which 3,737 were OA journals (16.8%) and 18,485 were non-OA journals (83.2%).
Firstly, we performed a descriptive analysis of the OA journal prevalence. Then, we analysed some indicators comparing both OA and non-OA journals, putting especial emphasis on the possible existence of an OA citation advantage. In order to reduce the early view effect, we considered different citation time windows from two to three years after publication.
We considered the following journal indicators. We used "references" to refer to outbound citations from these documents, and "cites" to refer to inbound citations to these documents.
-Total Documents: the size of the journal in the current year (2015) . All types of documents were considered.
-References per Document: average number of bibliographical references per document in the current year (2015).
-Cites per Document (3 years): average citations per document in a 3 year period. This was computed considering the number of citations received by a journal in the current year (2015) to the documents published in the three previous years (2012, 2013, and 2014 ).
-Cites per Document (2 years): average citations per document in a 2 year period. This was computed considering the number of citations received by a journal in the current year (2015) to the documents published in the two previous years (2013 and 2014) . This indicator is comparable to the Journal Impact Factor (JIF), but using all types of documents and the Scopus database instead of Web of Science.
-H Index: number of articles (H) in the journal that have received at least H citations. This quantifies both journal production and citation impact. This indicator is not normalized and depends strongly on both the size and the age of the journal.
-SJR (Scimago Journal Rank): average number of weighted citations received in the current year (2015) by the documents published in the journal in the three previous years (2012, 2013, and 2014) . This is a measure of scientific influence of journals that accounts for both the number of citations received by a journal and the importance or prestige of the journals where such citations come from (a variant of the eigenvector centrality measure used in network theory).
-SJR Best Quartile: best quartile of the journal in the current year (2015) among all subject categories. Scopus uses a journal classification system where each of them is assigned to one or several subject categories. According to the SJR indicator, each journal is placed in a quartile within each category. The Best Quartile is the highest of them all.
In Annexes 1 to 3, the means, medians, and standard deviations of the above indicators, by subject area and access type, are shown. 
Results

Prevalence of the OA journals by subject areas
Size and prevalence of gold OA, in the Scopus subject areas, are shown in Table 1 . Note that some journals are assigned to two or more subject categories from different subject areas, so the total number of journals is less than the sum of columns 4 and 5. The largest subject areas (in the number of journals) in Scopus in year 2015 are: 'Medicine' (6,350), 'Social Sciences' (5,036), 'Arts and Humanities ' (3,220) , and 'Engineering' (2,267). In relation to the number of OA journals, the largest subject areas are again 'Medicine' (1,306) and 'Social Sciences' (713). However, the subject areas with a higher prevalence of OA in 2015 are: 'Multidisciplinary' (27.5%), 'Veterinary' (25.2%), 'Dentistry' (23.7%), 'Immunology and Microbiology' (23.5%), and 'Agricultural and Biological Sciences' (23.3%). By contrast, the subject areas in Scopus with a lower OA prevalence in 2015 are: 'Business, Management and Accounting' (6.6%), 'Economics, Econometrics and Finance' (10%), 'Decision Sciences' (10.8%), and 'Engineering' (11%).
[ Document (3 years) . That is, there is a significant difference in citation impact of journals (using a 3-year window) for 13 of 27 areas; of these 13, only two subject areas, 'Multidisciplinary' and 'Medicine', show a higher median for OA journals.
[ Table 3 about here] Similar conclusions are obtained for the variable Cites per Document (2 years): sixteen of the twenty seven subject areas are found to come from populations with different medians for OA and non-OA journals (at 5% significance level). Again, of these, only 'Multidisciplinary' and 'Medicine' show a higher median for the OA journals.
Although there are some differences in relation to certain subject areas depending on the citation time window (2 and 3 years), in general they are not important and the conclusions are basically the same.
Although the early view postulate could explain the advantage of citation observed at paper level in the literature, this would not translate into advantage at journal level. One possible explication is that in those areas where anticipating pre-print or post-print provides a competitive citation advantage, paywalled journals often allow authors to deposit one of these two versions of the paper in repositories. According to SHERPA/RoMEO statistics (consulted on July 1, 2017), 80% of publishers formally allow some form of self-archiving, which may explain the small differences observed between the 2-year and 3-year citation windows. Table 4 compares median values of OA journals and non-OA ones by subject area, and shows a median test for the variable H Index. This variable rejects the null hypothesis that both OA and non-OA journals are drawn from populations with the same median in 25 out of 27 cases at the 5% significance level. Only in the area of 'Arts and Humanities' is the median higher for OA journals. Therefore, there is a clear superiority of the non-OA type of journals for this variable. The smaller size and lower cites per document of OA journals may explain why these journals also have generally smaller H Indexes.
[ Table 4 about here] Figure 1 shows the density functions for the variable SJR by subject area and access type. Both the OA and non-OA density functions follow similar asymmetric shapes with long tails; consequently, in all the cases, the mode for both access types corresponds to approximately the same value of the SJR indicator. In most cases, the maximum density for OA is higher than that for non-OA.
[ Figure 1 about here]
This type of highly biased distribution indicates that, for both access types, a majority of the journals present relatively small values of the SJR indicator. The two distributions, according to access type, intercept at low values. As a general rule, the distribution of OA begins above non-OA for the smaller values of the citation impact indicator and continues below for intermediate values.
Only in a few subject areas is this trend reversed. This is the case of 'Medicine', 'Multidisciplinary', and 'Neuroscience'.
The tail of the distribution collects journals in which the indicator takes the highest values. Thus, in only 4 subject areas is the tail of the OA distribution visibly longer than that of the non-OA. However, in most cases the opposite occurs. This result suggests again that, in general, OA journals have lower impacts than non-OA ones. Table 5 compares the median behaviour of OA journals with non-OA ones by subject area for the variable SJR. Additionally, a non-parametric median test is performed for each area. Eighteen of the twenty seven subject areas reject the null hypothesis that OA and non-OA journals are drawn from populations with the same median (16 of which are at 5% significance level), and in all these cases medians from non-OA journals are higher than those from OA ones.
[ Table 5 about here]
Therefore, in no subject area is there an OA citation advantage. This poor result could be explained by the difference in the quartile to which the journals belong according to access type, and the age of the journal.
OA citation advantage controlling by the quartile of the journal
All journals indexed in the Scopus database are classified into one or several subject categories, and later each category is assigned to a research area. The SJR data of a journal is related to different citation habits within each category. Thus, it is wrong to make comparisons of SJR figures in journals belonging to different categories or areas.
To carry out this type of comparison sorting into quartiles was used. With this indicator we were able to compare journals in different categories without considering the difference in the SJR figures.
Quartiles are the values that divide the set of journals arranged in four equal percentage parts. So, Q1 denotes the top 25% of the SJR distribution, Q2 a mid-high position (between top 50% and top 25%), Q3 mid-low position (top 75% to top 50%), and Q4 the lowest position (bottom 25% of the SJR distribution). Given that each journal belongs to one or several categories, the best quartile is defined as the top of all the quartiles in the categories in which the journal is indexed.
In this sense, Figure 2 shows the percentages of journals included in SJR quartiles, by subject area and access type. These graphs evidence once again the superiority, in general, of non-OA journals with respect to OA ones in the year 2015. In this regard, the percentage of journals included in the first quartile is higher for the non-OA group in 24 subject areas (out of 27). More specifically, in sixteen cases, the percentage of journals included in the first quartile is more than ten points higher for the non-OA group. Nevertheless, this clear superiority of non-OA journals in the first quartile is offset in the second and third quartiles. Finally, the number of areas with a higher percentage of journals in the fourth quartile is similar for both types of access. Therefore, this fact may partly explain the poor results obtained by OA journals in relation to citation impact.
[ Figure 2 about here] Finally, Table 6 compares the median values of the variable SJR considering four alternative subsamples depending on the best quartile that characterizes each journal. In most areas, there are no significant differences at the 10% level between the OA and non-OA median of the variable SJR. This result holds for all four subgroups considered in the analysis (Q1 to Q4).
[ Table 6 about here]
More specifically, in the Q1 subgroup, significant median test results at the 10% level were found in six areas: five of them in favour of non-OA journals ('Social Sciences', 'Pharmacology, Toxicology and Pharmaceutics', 'Business, Management and Accounting', 'Arts and Humanities', and 'Computer Science') and only one in favour of OA journals ('Physics and Astronomy'). In subgroups Q2 and Q3, six significant median test results at the 10% level were found in favour of non-OA journals, and only in subgroup Q3 was a significant median test result at the 10% level found in favour of OA journals for two areas. Finally, subgroup Q4 differs from the other subgroups, since all nine significant median test results at the 10% level were in favour of OA journals.
That is, there is an OA citation advantage (at a significance level of 10%) in 9 research areas in the subgroup of journals with lower impact.
OA citation advantage controlling by the age of the journal
In general, it is assumed that older journals are more prestigious and so better cited. In order to control for this, we proxied the age of the journal by the first year the journal was indexed in the Scopus database. In this way, Table 7 considers only young journals, specifically those who were first included in the Scopus database from 2005 to 2014.
SJR indicator values were compared between OA and non-OA journals, by areas. Additionally, this ten year sample was divided into two subsamples (2005-2009 and 2010-2014) in order to detect whether or not there were significant differences in the comparison of OA vs. non-OA journals with respect to the SJR indicator between the two periods.
It can be seen from Table 7 that, in general, there are no major differences between journals which first entered the Scopus database in the period 2005-2009 and 2010-2014 . However, when comparing results from Table 7 with Table 5 , where all journals were considered, it can be concluded that journal age matters in the analysis of SJR indicators. Specifically, when all journals are considered, in 18 out of 27 areas non-OA journals show higher SJR indicators than OA ones, and OA journals were not found to be superior in any case. On the contrary, when considering young journals (period 2005-2014) , little evidence is found in favour of OA or non-OA journals, since in most of the areas there are no significant differences between the two journal types. For the period 2010-2014, the SJR indicator is superior for non-OA journals in two areas ('Psychology' and 'Business, Management and Accounting'), both significant at the 1% level, and is found to be superior for OA journals in four areas ('Medicine', 'Pharmacology, Toxicology and Pharmaceutics', 'Computer Science', and 'Engineering'), two of which are significant at the 1% level. Therefore, it seems that the gap between open and non-open access journals decreases over the years when the analysis is controlled by journal age.
Discussion
Our focus on journal-level impact (rather than paper-level impact) refutes the OA Citation Advantage postulate. This result corroborates in part the conclusion of Archambault et al. (2014) for a large data analysis. In a sample of one and a half million Scopus indexed papers published between 2007 and 2012, they estimated that more than 50% of the scientific papers could be downloaded for free on the Internet. Furthermore, in a set of about half a million papers published between 2009 and 2011, the OA papers (about 250,000) had a 26% citation advantage compared to the full set of about 500,000 papers. However, the advantage varied by type of OA: green (author posting) had a 53% advantage, while gold (journal OA) had a 39% disadvantage (i.e. they had a lower citation rate than the full set). The advantage also varied by field, with the highest advantage seen in some humanities fields and the lowest in medical fields.
Analysing article downloads -usage-is a complementary method for studying the effects of OA. Davis et al. (2008) , for articles in psychology journals published by one publisher, concluded that OA articles were downloaded more often than papers with subscription-based access. However, they did not find a significant effect of open access on citations.
Consequently, the citation advantage in pros of OA observed by other authors in the literature should be justified by the Early View and Selection Bias postulates. Thus, Kurtz et al. (2005) found in a study on astronomy articles evidence of a selection bias (authors post their best articles freely on the web) and an early view effect (articles deposited as pre-prints are consulted earlier and are therefore cited more often). As a confirmation, Moed (2007) found that for physics articles these two effects may explain a large part of the differences in citation impact between journal articles posted as preprint in ArXiv (a pre-print server hosted by Cornell University) and papers that were not.
Our study suggests that there is no OA citation advantage at the journal level. The early view postulate would explain the advantage of citation observed at paper level. However, this would not translate into advantage at journal level. This is because in those areas where anticipating pre-print or post-print provides a competitive advantage, paywalled journals often allow authors to deposit one of these two versions of the paper in repositories, so the advantage of OA at the journal level is reduced. According to the SHERPA/RoMEO database of publishers' policies on copyright and self-archiving, 80% of publishers formally allow some form of self-archiving (statistics for the 2380 publishers in the database (consulted on July 1, 2017)).
Therefore, at journal level one could speak of citation advantage related to reputation as a combination of paper average impact, journal visibility and access, regardless of how this access occurs.
Conclusions
The present paper takes a journal-level approach to assessing the OA citation advantage, whereas many others take a paper-level approach. This is the novel contribution of the paper.
The results for the analysis of gold OA in the 27 subject areas of the Scopus database are presented. The data were obtained from Scimago, sorted using the Scopus database and tagged as OA/non-OA using the DOAJ list. For a total of 3,737 OA journals (16.8%) and 18,485 non-OA journals (83.2%), no generalizable gold OA citation advantage is found at journal level. In fact, in many areas a gold OA citation disadvantage is observed.
With respect to OA prevalence in the Scopus database, the highest percentages of OA journals are over 25% ('Multidisciplinary' and 'Veterinary') and the lowest are below 10% ('Business, Management and Accounting' and 'Economics, Econometrics and Finance').
As to the differences in production and referencing in the year 2015, the OA journals are smaller, in terms of the number of documents published, in more than half of the subject areas. However, in general there are no significant differences (below 5%) between groups of journals in the amount of referenced documents. Thus, it can be concluded that document typology published in the OA journals is quite similar to that of non-OA ones.
Cites per document are similar with respect to the citation time window, and half of the subject areas are found to come from populations with different medians depending on the type of access. Only 'Multidisciplinary' and 'Medicine' show higher medians for the OA journals. Moreover, smaller sizes and lower cites per document of OA journals may explain the clear superiority of non-OA journals for the H Index.
In 18 of the 27 subject areas, SJR medians from non-OA journals are significantly higher at the 10% level than those from OA ones (12 of them at the 1% level). Moreover, when we consider only the journals of greatest impact (first quartile), the advantage of OA is observed in only one of the 27 areas, whereas the opposite happens (advantage for non-OA) in 5 of the 27 areas. Therefore, there is no generalizable OA citation advantage.
Some considerations can be made with respect to these unexpected results, most importantly concerning journal visibility. Most OA journals are not at the top of rankings that measure the impact of the journals (e.g. first quartile in the SJR). However, the top of these rankings provides high visibility for the journals, at the same time as access through subscription is generalized for these top ranked journals in most research institutions. Thus, gold OA does not guarantee higher visibility in relation to the subscription model. Importantly, we do not take into account the influence of APC costs. The APC of top ranked journals is evidently higher than that of lower ranked ones. For this reason, many authors cannot publish in some desired gold OA journals, especially in the top ranked ones.
About the limitations of our study, the following bias must be underlined. It is based on citation analyses carried out for a database with a selective coverage, in most research areas, of international top journals in the disciplines instead of lower impact or more nationally oriented journals. This occurs in all research areas in the Scopus database but more strongly for 'Arts and Humanities', 'Business, Management and Accounting', 'Economics, Econometrics and Finance', and 'Social Sciences'. Authors who publish in such kinds of international top journal -a necessary condition for citations to be recorded in the study -will tend to have access to these journals anyway. That is, there may be a positive effect of OA upon citation impact, but it is not visible in the database used in some areas.
About the reasons why there is no OA advantage or even OA disadvantage at journal level, we believe that is the personal motivation of each author individually that leads him/her to try to improve the visibility and access of its works. For this purpose, it uses the green access as well as comments on blogs and social networks. For these authors, there is an advantage of citation at the paper level. However, by adding the impact of many authors in a journal, the fact that it is an open access journal makes the responsibility for dissemination diluted between the publisher and the group of authors, causing some of them to consider that the task of dissemination must rest exclusively on the journal. In this way, subscription journals benefit from its subscriber network and at the same time from the effort of many of its authors to facilitate access through the greenway.
In relation to the researcher's or institution's decision about impact-maximizing strategies, a focus on journal-level impact (rather than paper-level impact) connects to the idea that the final decision is independent of the business model of the journal.
The average impact of a journal is not generally related to the business model used by the publisher. There are high impact journals both OA and paywalled, and opting for a unique business model is not an optimal decision. In each area and at any time, authors and subscribers should choose to publish and maintain the subscription of the journals of greatest impact in the specific specialty. That is, the researchers cite from among the papers to which they have access, regardless of whether such access is produced because it is free or the subscription is available, those considered more relevant.
Therefore, and from our point of view, an optimal citation strategy for authors is to publish in the journals of their discipline of greatest impact, regardless of the type of access, and at the same time make use of the thematic and institutional repositories. In the institutional case, an optimal strategy for managers is to maintain the subscription to the journals of greater impact in each discipline and to dedicate the money that was destined to the subscription of those of smaller impact to pay for the costs of publication in the OA journals with greater impact in each discipline. 
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